The determination of ionization constants and the chelating properties exhibited by a series of derivatives of N-phenylbenzohydroxamic acid, N-phenyllaurohydroxamic acid and 1-naphthalenemethylimminodiacetohydroxamic acid type ligands toward Fe(III) , Cu(II) and Ni(II) ions were studied by pH-metric method. The data obtained by pH-metric method were analyzed by three standard methods namely, Bjerrum's method, Irving and Rossotti method, and Sarkar and Kruck method. The ionization constants of hydroxamic acids and the stability constants of metal-ligand complexes were calculated using the above three methods and it was found that the values obtained closely agreed with each other. The evaluation of the calculated stability constants shows that the substituent effect on the N-phenyl ring leads to more basic character at the carbonyl oxygen and it influences significantly the stability of the complex species formed by the hydroxamate moieties. The stability constant and the species distribution of Fe(III) -1-naphthalenemethylimminodiacetohydroxamic acid system at physiological pH range (6.8 -7.2) suggest that 1-naphthalenemethylimminodiacetohydroxamic acid is an effective source for the iron overload.
, Irving and Rossotti method
4 , and Sarkar and Kruck method 5 and the values obtained for the ionization constants and the stability constants of the complexes of Fe(III), Cu(II) and Ni(II) formed with some hydroxamic acids were compared.
MEtHodS And MAtErIALS
Calculation of ionization constant: Bjerrum 3 used Expression (1) to calculate the ñ H values (average number of hydrogen ions bound to the ligand) at different pH values and plotted a graph ñ H Vs pH and equated the value of pK a to the value of pH at which the value of ñ H = 0.5. 
Calculation of stability constants: Bjerrum 3 used Expression (5) and (6) to calculate the stability constants values.
where;
is the total concentration of ligand; A,
is the total concentration of metal; M, T H is the total concentration of proton (bound + unbound) present in the solution and ñ A is the average number of ligands bound per metal.
Irving and Rossotti
4 used Expression (2), (7), (8) and (9) 
where V ∕ /// is the volume of base used to bring the mixture of solution mineral acid, ligand and metal ion to a same pH value, K i is the stepwise stability constant and β i is the overall stability constant.
Sarkar and Kruck 5 used Expression (10), (11), (12) and (13) to calculate the stability constants and species distribution of the complexes formed in the following equilibrium.
Experimental: Potentiometric titrations were performed using a Metrohm 702 SM Titrino Auto Titrater and all titrations were thermostated to 25 ºC using a water circulating pump. Metrohm 6.0203.100 combined pH glass electrode was used to collect the experimental data. GBC 932 plus atomic absorption spectrometer was used to measure the concentration of the metal ions in the stock solutions. Absorption spectra were obtained using Jasco V-500 and Helios thermo spectronic spectrophotometer. 1 H NMR spectra were obtained on a Bruker 200 MHz and Varian Mercury-300 MHz instrument. Infrared spectra were recorded on a Thermo Nicolet AVATAR-320 FT/ IR spectrophotometer.
All chemicals were of analytical reagent grade from Aldrich or Merck of highest purity available and used without any further purification, except for vacuum drying. HPLC grade methanol solvent was used in all spectroscopic measurements. The solutions were prepared with double distilled water. All glassware were soaked overnight in a 5% nitric acid solution and carefully cleaned with doubly distilled water and dried in a dust-free environment prior to use. The standard stock solutions of iron(III), copper(II) and nickel(II) were prepared from their corresponding sulphate salts. All measurements were carried out at a constant ionic strength using 0.2 mol dm -3 NaClO 4 . Carbonate free NaOH solution of known concentration (about 0.25 mol dm -3 ) was used as the titrant. The pH-metric titrations were performed throughout the pH range of 2.0-12.5 or below the precipitation on samples of The electron accepting nature of the phenyl group, the substituents of phenyl ring derivatives on the N atom (R N substituents) reflect a greater effect due to both resonance and inductive effects 7 . Therefore, it can be expected that the superposition of the substituent effects can modify the ionization constant of the chelate and the stability constant of the metal chelates. In this study, the ionization constants for compounds [I]-[VII] (Table 1) fall in the normal range (pK a = 8 -10) for all hydroxamic 100 cm 3 . The ligand concentrations were varied in the range of 1.0 × 10 -3 mol dm -3 to 5.0 × 10 -3 mol dm -3 . In all cases, the metal to ligand ratio was maintained greater than 1:5 to avoid hydrolysis and possible polymerization. Since the ligands and also the metal complexes are insoluble in water as well as in water-methanol medium (above pH = 7), 1:1 water-ethanol solvent system was maintained throughout the experiment except for N-phenyllauroylhydroxamic acid for which 1:3 waterethanol solvent system was employed. 
Synthesis of compounds [I]-[VI

Synthesis of compound [VII]:
Solutions of 1-naphthalenemethylamine (2.8 cm 3 , 0.019 mol) in 50 cm 3 dry acetonitrile and ethylbromoacetate (4.40 cm 3 ; 0.04 mol) in 25 cm 3 dry acetonitrile were added simultaneously and dropwise over a period of 4 h to a warm magnetically stirred suspension of potassium carbonate (25 g) in 50 cm 3 dry acetonitrile. The resulting mixture was refluxed for 16 h on a water bath, cooled to room temperature, concentrated, filtered, and the filtrate was evaporated to dryness under reduced pressure to give 1-naphthalenemethylimminodiethylacetate as an off white product (yield 80%).
A solution of diethyl-1-napthalenemethyliminodiacetate (3.0 g, 0.01 mol) in absolute ethanol (25 cm 3 ) was added dropwise while stirring into a solution of hydroxylamine (0.02 mol) in absolute ethanol (30 cm 3 ) at pH 8 cooled in an ice-water bath. The resulting solution was stirred for further sixteen hours at ice-water temperature, and filtered. The filtrate was concentrated and cooled in ice-water bath to obtain 1-napthalenemethyliminodiacetohydroxamic acid [VII], as a white product (yield 88%). Due to the inductive effect of the long chain attached to the carbonyl group (R C substituent) and the solvent system used the pK a value obtained for N-phenyllauroylhydroxamic acid [VI] is greater than that of N-phenylbenzohydroxamic acid.
rESuLtS And dIScuSSIon
There is an expectation that pK a 1 < pK a 2 and that for statistical reasons pK a 1 -pK a 2 ∼ 0.6 for a diprotic acid with two equivalent acid sites 8 . Table 1 shows that in compound [VII] , pK a 1 < pK a 2 slightly greater than that expected (0.6), suggesting some degree of intramolecular interaction between the two hydroxamic acid units. The enhanced difference in pK a 1 and < pK a 2 is due to a lower value for pK a 1 . This is in agreement with deduction of Crumbliss et al. 8 where the stability of the conjugate base HA -occurs due to the interaction through H bonding between the hydroxamic acid functional groups associated with long carried out by our research group also confirm this. This intramolecular H-bonding formed in between the two hydroxamic acid groups is illustrated above:
In general, the stability constants calculated (Table 2- 
